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I INTRODUCTION 
Simulated Mart ian environment experiments  are be ing  con- 
duc ted  wi th  Staphylococcus aureus.  The e f f e c t s  of t h e  fo l lowing  
ba romet r i c  p re s su res  and carbon d iox ide  concen t r a t ions  w e r e  
s t u d i e d  over a 56 day pe r iod :  
(1) Ear th  atmosphere a t  p r e s s u r e s  of 1 0 ,  25, and 40 m b  
wi th  an 8- and a 20-hr d a i l y  f r e e z e  c y c l e  
( 2 )  Carbon d iox ide  concen t r a t ions  and p r e s s u r e s  of 
37% a t  40 m b ,  76% a t  25 m b ,  and 100% a t  10 m b  wi th  
8- and a 20-hr d a i l y  f r e e z e  cyc le .  
(3)  Carbon d iox ide  concen t r a t ions  of 37, 67, and 100% 
a t  98 m b  with an 8- and a 20-hr d a i l y  f r e e z e  cyc le .  
_. S. aureus  grew i n  a l l  atmospheres a t  a l l  ba romet r i c  p r e s s u r e s  
with both  an 8- and 20-hr d a i l y  f r eeze .  V i a b l e  c e l l  counts  i n -  
c reased  3.0 t o  3.5 l o g s  i n  Earth atmospheres a t  d i f f e r e n t  
p r e s s u r e s ,  2.0 t o  2.9 l o g s  i n  carbon d iox ide  atmospheres a t  d i f f e r -  
e n t  p r e s s u r e s ,  and 1-0 t o  2 - 0  l o g s  i n  carbon d iox ide  atmospheres 
a t  98 m b  p re s su re .  I n  t h e  l a t t e r  two groups t h e  g r e a t e s t  i n c r e a s e  
occurred i n  t h e  tubes  t h a t  rece ived  a 20-hr d a i l y  freeze. I n  
g e n e r a l ,  maximum popu la t ions  were reached w i t h i n  7 days wi th  an 
8-hr d a i l y  f r e e z e  and wi th in  2 8  days wi th  a 20-hr d a i l y  f r e e z e .  
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: Addi t iona l  s t u d i e s  wi th  S, aureus w e r e  concerned wi th  
minimum mois ture  requi rements  i n  a v a r i e t y  of atmospheres. A t  
p r e s e n t ,  three mois tu re  concen t r a t ions  of 0 49, 0.79, and 0.98 
% with  an E a r t h  atmosphere a t  25 m b  p r e s s u r e  and an 8-hr d a i l y  
freeze w e r e  used. 
w a s  l i m i t i n g  a t  c o n s t a n t  35OC b u t  w a s  n o t  l i m i t i n g  w i t h  an 8-hr 
d a i l y  f r e e z e ,  
- 
Pre l imina ry  r e s u l t s  i n d i c a t e d  t h a t  0.79 45 
S o i l  ecology experiments  a r e  i n  p rogres s  on t h e  growth 
response  of B a c i l l u s  c e r e u s ,  L a c t o b a c i l l u s  plantarum, Pseudomonas 
ae ruq inosa ,  P u t r e f a c t i v e  anaerobe (PA 3679) ,  S. au reus ,  and 
Streptomyces a l b u s  i n  brunizemic,  d e s e r t i c ,  and p o d z o l i c  s o i l s  
w i t h  maximum and minimum r e l a t i v e  h u m i d i t i e s  and a c o n s t a n t  
tempera ture  of 35OC o r  a d i u r n a l  tempera ture  cycle wi th  an 8-hr 
f r e e z e .  
- 
- B. c e r e u s ,  L. plantarum,  p. ae ruq inosa ,  S, aureus ,  and 
- S ,  a l b u s  grew i n  the brunizemic s o i l  and L. plantarum, & aureus ,  
and S. a l b u s  grew i n  t h e  podzol ic  soil ~ h i l e  mly P A  3679 grew 
i n  t h e  d e s e r t i c  s o i l .  
Popu la t ion  m a x i m a  r e s u l t i n g  from growth i n  brunizemic and 
p o d z o l i c  s o i l s  w e r e  3 t o  6 logs h ighe r  than  i n i t i a l  numbers of 
v i a b l e  cel ls  which were as low a s  100 per gram of s o i l .  
P r o g r e s s  has been made on the  phase of t h e  program e n t i t l e d  
"Design and Cons t ruc t ion  of Environmental Chambers. ' I  F i n a l  des ign  
and working drawings have been mutual ly  accepted  by IITRI L i f e  
Sc iences  and Engineer ing personnel ,  C o n s t r u c t i o n  and o rde r ing  
of component p a r t s  are i n  progress. 
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11. EXPERIMEETAT; PROCEDURES 
Stock c u l t u r e  p r e p a r a t i o n  of  B o  c e r e u s ,  P, aeruginosa ,  -
P A  3679, and & aureus were descr ibed  i n  Report  No, IITRI-L6023-5; 
- L, plantarum i n  Report  N o .  IITRI-L6023-6; and S. a lbus  i n  Report  
N o .  IITRI-L6023-7, All s t o c k  cel l  suspens ions  w e r e  s t o r e d  a t  
4oC u n t i l  used,  II B o I____ c e r e u s  and P A  3679 spore suspens ions  were 
heat-shocked a t  8OoC f o r  10 min j u s t  b e f o r e  use ,  
Bacterial counts  are r epor t ed  as averaged coun t s  of two 
plates  from each of t w o  o r  t h r e e  t u b e s ,  
30 ,  or 25OC f o r  1 t o  5 days ,  depending on t h e  b a c t e r i a l  species. 
Incuba t ion  w a s  a t  35 ,  
111, RESULTS AND D I S C U S S I O N  
A, Simulated MartiGn Environment S t u d i e s  
All t u b e s  i n  t.he experiments  concerned wi th  t h e  effects  of 
gaseous composi t icn and pressure on & zureus  conta ined  1 g of 
f e l s i t e / l i m o n i t e  s o i l ,  1% organ ic  medium, and 9 t o  10% mois tu re  
e q u i v a l e n t  t o  0,94 t o  0 ,95  aw0 
t i m e s  wi th  a p a r t i c u l a r  gaseous atmosphere b e f o r e  p r e s s u r e  w a s  
e s t a b l i s h e d  and t h e  t u b e s  w e r e  sealed,, The ba lance  of t h e  37% 
carbon d i o x i d e  atmosphere w a s  30% argon and 27% n i t r o g e n ,  The 
ba lance  of t h e  67% carbon d iox ide  atmosphere w a s  21% argon and 
13% n i t r o g e n ,  Diurna l  freeze-thaw c y c l e s  of 8- and 20-hr f r e e z e s  
The t u b e s  were f lu shed  seven 
w e r e  used wi th  each atmosphere. C o n t r o l  t u b e s  w e r e  p repared  i n  
a s i m i l a r  manner, except t h e y  were f lu shed  wi th  Ea r th  atmosphere 
and s e a l e d  a t  98 m b .  One-half of  t h e  c o n t r o l  t u b e s  were incubated  
a t  35OC, and one-half r e c e i v e d  a d i u r n a l  tempera ture  c y c l e  wi th  
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an 8-hr d a i l y  f r eeze .  Tubes from both c o n t r o l  groups w e r e  
sampled a t  3 and a t  7 days. Experimental  t ubes  w e r e  sampled 
immediately and a t  1, 3 ,  7 ,  28, and 56 days.  
The experiments  concerned wi th  t h e  e f f e c t  of mois ture  on 
t h e  growth of - S. aureus  u t i l i z e d  t h e  same f e l s i t e / l i m o n i t e  s o i l  
wi th  1% organ ic  medium, Ear th  atmosphere a t  25 m b  p r e s s u r e ,  and 
an 8-hr d a i l y  f r eeze .  Three mois ture  concen t r a t ions  were used: 
2 - 5 ,  4 - 5 ,  and 9.6% e q u i v a l e n t  t o  0.49, 0 .79,  and 0.98 aw, 
r e s p e c t i v e l y .  Cont ro l  t ubes  f o r  t h e s e  experiments  conta ined  
s i m i l a r  app ropr i a t e  environments except t h a t  they  were incubated  
a t  35OC e 
Figure  1 shows t h e  e f f e c t  of Ea r th  atmosphere a t  d i f f e r e n t  
ba romet r i c  p re s su res  on S, aureus.  With an 8-hr d a i l y  f r e e z e  
t h e  growth of & aureus  w a s  r ap id  wi th  maximum popu la t ions  
reached by 3 days.  The growth of  S, aureus  a t  10 m b  reached 
maximum popula t ions  s i m i l a r  t o  the 25 and 40 m b  by 3 days b u t  
t h e r e  w a s  an i n i t i a l  0 - 4  l o g  decrease  i n  v i a b l e  cel ls .  An 
i n c r e a s e  i n  v i a b l e  cel ls  counts  of 3.0 t o  3.5 l o g s  occurred  i n  
1 t o  3 days.  The 20-hr f r e e z e  groups reached  s i m i l a r  popula t ion  
m a x i m a ,  3.2 t o  3 , 4  l o g  i n c r e a s e ,  b u t  i n  7 t o  56 days.  
The e f f e c t  of 37 ,  6 7 ,  and 100% carbon d iox ide  atmospheres 
a t  r e s p e c t i v e  p r e s s u r e s  of 40 ,  2 5 ,  and 10 m b  i s  shown i n  F igure  2. 
Numbers of - S. aureus  increased  2 , O  t o  2.2 logs w i t h i n  7 t o  56 days 
i n  t h e  tubes  t h a t  rece ived  an 8-hr d a i l y  f r e e z e  and a 2 .8  t o  2.9 
l o g  i n c r e a s e  w i t h i n  7 t o  28 days i n  tubes  t h a t  r ece ived  a 20-hr 
d a i l y  f r e e z e ,  The g r e a t e r  i nc rease  i n  v i a b l e  ce l l s  i n  tubes  
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r e c e i v i n g  a 20-hr d a i l y  f r eeze  r e s u l t e d  from an i n i t i a l  decrease  
of v i a b l e  cells  which d i d  no t  occur i n  tubes  r ece iv ing  an 8-hr 
d a i l y  f r eeze ,  
Populat ion m a x i m a  were 0.5 t o  1.0 l o g s  lower i n  tubes  with 
carbon d ioxide  atmospheres a t  1 0 ,  25, and 40 m b  p ressures  than  
i n  tubes  with Ear th  atmosphere a t  t h e s e  same pressures .  These 
decreased popula t ion  maxima r e s u l t e d  from a more severe  environment 
t h a t  r e s u l t e d  i n  a g r e a t e r  depress ion  of t h e  growth response of 
S. aureus.  _. 
The e f f e c t  of 37, 67, and 100% carbon d ioxide  atmospheres 
a t  98 m b  p re s su re  i s  shown i n  F igure  3. With an 8-hr d a i l y  
f r e e z e  popula t ion  m a x i m a  1.1 t o  1.7 logs  h ighe r  than i n i t i a l  
numbers of v i a b l e  cells  w e r e  reached i n  1 t o  3 days and 1.0 t o  
2.0 l o g s  h igher  with a 20-hr d a i l y  f r e e z e  wi th in  7 t o  28  days. 
The r e s u l t s  i nd ica t ed  t h a t  an inc rease  i n  r e l a t i v e  abundance 
of carbon d ioxide  by an increase  i n  barometr ic  p re s su re  f u r t h e r  
depressed t h e  growth response of & aureus.  For ,  al though t h e  
growth response rates were s i m i l a r  t o  t h e  two previous  groups,  
popula t ion  m a x i m a  w e r e  decreased 2.0 t o  2.5 l o g s  when compared 
with Ear th  atmosphere m a x i m a  and 1.9 logs compared with m a x i m a  
reached i n  carbon d ioxide  atmospheres wi th  lower r e l a t i v e  
abundance of carbon d ioxide .  
F igure  4 shows t h e  growth response t o  d i f f e r e n t  mois ture  
concent ra t ions  of S. aureus i n  an Ear th  atmosphere a t  25 m b  
p re s su re  with an 8-hr d a i l y  f reeze .  A moisture  concent ra t ion  
of 0.98 aw allowed r a p i d  growth of t h e  organism with both 
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FIG. 4 EFFECT OF MOISTURE ON STAPHYLOCOCCUS 
AUREUS IN AN EARTH ATMOSPHERE AT 2 5 m b  
PRESSURE AND DAILY FREEZE THAW CYCLE.  
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8-hr d a i l y  f r e e z e  and constant  35OC temperature condi t ions .  
While with a moisture  concentrat ion of 0.49 aw t h e  v i a b i l i t y  
of - S. aureus decreased much more r a p i d l y  i n  a cons tan t  35OC 
environment than w i t h  an 8-hr d a i l y  f reeze .  The s i g n i f i c a n t  
f i nd ing  was t h a t  a t  a moisture concentrat ion of 0.79 aw S. aureus 
growth r a t e  w a s  greater, and higher  populat ion m a x i m a  reached, 
w i t h  an 8-hr d a i l y  f r eeze  than with cons tan t  35OC. 
Minimum aw requirements of t h i s  organism by t h e  methods of 
S c o t t  ( A u s t r a l .  J. Biol .  Sci. 6 ,  549-564, 1953) us ing  mixtures 
of t r i p l e  s a l t s ,  NaC1:KC1:Na2S04, i n  a molar r a t i o  of 5:3:2 and 
concent ra t ions  of t r y p t i c a s e  soy b ro th  (BBL) t o  e s t a b l i s h  
d i f f e r e n t  awls ind ica t ed  t h a t  0.86 t o  0.88 aw w a s  l i m i t i n g  f o r  
growth. W i t h  d a i l y  freeze-thaw cycles t h e  organism w a s  ab l e  t o  
grow a t  a lower aw. 
work with B. cereus (Hagen, Hawrylewicz, and Ehr l ich ,  A p p l .  
Microbiol. ,  i n  p r e s s )  which demonstrated t h a t  t h e  ear l ier  thwries  
of both Scott and Gunderson (Campbell Low Temperature Microbiology 
Symposium, p. 195, 1961, I b i d ,  p. 299-312) were t r u e :  i . e . ,  a 
s u b s t r a t e  with water, when frozen and thawed r epea ted ly ,  could 
r e s u l t  i n  a r e a s ,  o r  microenvironments, of h igher  water concent ra t ions .  
These r e s u l t s  a r e  a confirmation of previous 
B. S o i l  Ecoloqy Studies  
The main ob jec t ive  of t h e  s o i l  ecology s t u d i e s  w e r e  concerned 
with determining the  minimum number of an organism requ i r ed  t o  
e s t a b l i s h  i t s e l f  i n  an environment with a p a r t i c u l a r  s o i l  type.  
These s t u d i e s  d e a l t  with the  growth responses  i n  t h r e e  types  
of s o i l  of selected organisms t h a t  could be present i n  s p a c e c r a f t  
I l T  R E S E A R C H  I N S T I T U T E  
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assembly rooms. T h e  organisms used were B. c e reus ,  p lan tarum,  
P A  3679, - P. aeruqinosa ,  S. aureus ,  and S. a lbus .  The s o i l s  w e r e  
brunizemic wi th  h igh  o rgan ic  conten t  and a pH of 7 .1 ,  d e s e r t i c  
w i th  h igh  c l a y  and a pH of 8 .0 ,  and podzol ic  w i t h  low organic  
con ten t  and a pH of 5.7. 
- 
All tubes  i n  t he  experiments conta ined  1 g of p rev ious ly  
s t e r i l i z e d  s o i l ,  s u f f i c i e n t  water t o  establish an aw of 0.99 o r  
a l i m i t i n g  concen t r a t ion  depending upon the  organism, and an 
earth atmosphere a t  s tandard  p res su re  (approximately 1013 m b )  . 
T h e  t u b e s  w e r e  inocula ted  w i t h  p a r t i c u l a r  organisms a t  pre- 
determined cel l  popula t ions  and sea l ed .  H a l f  t h e  tubes  w e r e  
incubated  a t  35OC, and h a l f  rece ived  a d u i r u a l  freeze-thaw cyc le  
wi th  an 8-hr f r eeze .  
28 ,  and 56 days.  
Tubes were sampled immediately and a t  7 ,  
The experiments  are n o t  complete, b u t  c e r t a i n  t r e n d s  can 
be presented  a t  t h i s  t i m e .  
Table 1 shows t h a t  t h e  brunizemic s o i l  w a s  t he  best s u b s t r a t e  
f o r  growth and s u r v i v a l  of t h e  s e l e c t e d  bacterial  species. A 
g r e a t e r  number of t h e  b a c t e r i a l  species w e r e  able t o  grow i n  
t h i s  s o i l  a t  a l l  mois ture  concent ra t ions  and tempera ture  condi t ions .  
Fewer of t h e  bacter ia l  species d ied  o f f  completely i n  t h i s  s o i l  
than  i n  e i t h e r  t h e  d e s e r t i c  o r  podzo l i c  s o i l s .  
The bacterial  species t h a t  w e r e  able t o  grow i n  t h e  podzol ic  
s o i l  - L. plantarum , & aureus ,  and & a l b u s  could only  do so  a t  
t h e  maximum mois ture  concent ra t ion  wi th  e i t h e r  cons t an t  35OC o r  
8-hr d a i l y  freeze cycle. 
I l l  R E S E A R C H  I N S T I T U T E  
11 
c 
I l l  c c c  I l l  I l l  
+ + +  
c c  
I l l  
+ + +  
I l l  
0 0 0  
c c c  
I l l  
+ + +  
+ * *  
I l l  
+ + +  
c c c  
I l l  c c c  I l l  + + +  
c 
I l l  
c c c  
I l l  
I 1  
+ +  
I I  
I I  
I 1  
I +  
c c c  
I l l  I l l  
+ t +  
c c  
+ l l  
c c c  
I l l  
c c c  
I l l  
c c c  
I l l  
c c c  
I l l  
c c c  
I l l  
t t +  I l l  
c c c  
I l l  + + +  
c + + +  
+ o o  
c c c  
I l l  I l l  
c c  
I l l  
c c c  
I l l  c c c  I l l  
c c  
+ I I  
+ + +  
+ + +  
I l l  
I l l  
+ + +  + + +  
c 
t + !  
t + I  
t i +  + + +  + + +  
c c c  
I l l  
c 
I l l  
* c *  + + +  + + +  
t + +  
t + +  
+ + +  
I O  
+ + +  
+ + +  
+ + +  + + +  
f m N  
0 0 0  
4 4 - 4  
m v m  
0 0 0  
d r l d  
f m N  
0 0 0  
d r l r l  
m f m  
0 0 0  
r l r l d  
L n f m  
0 0 0  
r l r l r l  
(I, P 
a 
m 
A a dl 
12 
The d e s e r t i c  s o i l  w a s  the  p o o r e s t  s u b s t r a t e .  Only P A  3679 
showed a very  s l i g h t  i n c r e a s e  i n  numbers of v i a b l e  cel ls ,  a 0.5 
l o g  i n c r e a s e .  A l s o ,  L.  _I plantarum, p. aeruginosa ,  and S. aureus 
d i d  n o t  s u r v i v e  i n  t h i s  s o i l .  
Popula t ion  m a x i m a  of the  organisms t h a t  d i d  grow i n  t h e  
brunizemic and p o d z o l i c  s o i l s  were from 3 t o  6 logs higher  than  
i n i t i a l  ce l l  counts  which were as low as 100 t o  1,000 cel ls  per 
gram of s o i l  depending on t h e  organism and the experiment.  
I n  t e r m s  of a b i l i t y  t o  e s t a b l i s h  an e c o l o g i c a l  n i che  as a 
f u n c t i o n  of amount of inoculum, moi s tu re  c o n c e n t r a t i o n ,  s o i l  
type, and tempera ture  condi t ion  L. plantarum w a s  t h e  best 
fol lowed by S. a l b u s ,  S. aureus ,  B. c e r e u s ,  P.  aeruginosa ,  and 
PA 3679. 
_. 
- - - - 
C. Desiqn and Cons t ruc t ion  of Environmental Chambers 
F igu re  5 r e p r e s e n t s  t h e  accepted des ign  of the 150 psi  
environmental  chamber. Work has  begun i n  o rde r ing  t h e  c o n s t r u c t i o n  
of t h e  component par ts ,  
IV. SUMl.IARY 
G r o w t h  of S. aureus  was not  i n h i b i t e d  i n  Ear th  atmospheres 
_. 
a t  ba romet r i c  p r e s s u r e s  of 1 0 ,  25 ,  o r  40 mb.  Growth w a s  r a p i d  
and abundant . 
Carbon d iox ide  concen t r a t ions  of 3 7 ,  67, and 100% a t  p r e s s u r e s  
of 4 0 ,  25 ,  and 10 m b  respectively, d i d  n o t  adve r se ly  affect  t h e  
growth of S. - aureus  al though t h e  popu la t ion  m a x i m a  were s l i g h t l y  
lower t h a n  t h e  Earth atmosphere m a x i m a .  
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Carbon d i o x i d e  concen t r a t ions  of 37,  67, and 100% a t  98mb 
p r e s s u r e  d i d  n o t  i n h i b i t  growth of S. aureus  b u t  popu la t ion  
m a x i m a  w e r e  lower than  both t h e  E a r t h  atmosphere group and t h e  
carbon d i o x i d e  atmosphere a t  d i f f e r e n t  p r e s s u r e  groups. 
- 
An 8-hr d a i l y  f r e e z e  lowered t h e  minimum water requirement  
f o r  growth of  5 aureus  below t h a t  r e q u i r e d  fo r  growth a t  c o n s t a n t  
35oc. 
The a b i l i t y  t o  e s t a b l i s h  an e c o l o g i c a l  n iche  as a f u n c t i o n  
of amount of inoculum, moisture  c o n c e n t r a t i o n ,  s o i l  type, and 
t empera tu re ,  L. plantarum was best, followed by S. a l b u s ,  
- S. au reus ,  B. c e r e u s ,  p. aeruginosa ,  and PA 3679. 
I n i t i a l  numbers of 100 v i a b l e  cells  per gram of s o i l  of 
B. c e r e u s ,  & plantarum, P. aeruqinosa ,  and S. a lbus  i n c r e a s e d  
3 t o  6 logs :  and t h e  lowest  number of S. aureus  tested,  700 per 
gram of s o i l ,  i nc reased  4 logs. 
_. - - 
V. PERSONNEL AND RECORDS 
The experiments  were planned wi th  t he  counsel  of D r .  E. J. 
Hawrylewicz, and the  t e c h n i c a l  a s s i s t a n c e  of I&. Bruce Anderson, 
M i s s  Mar jo r i e  Ewing, and M i s s  Vivian Tolkacz. 
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E x p e r i m e n t a l  da t a  are recorded i n  I I T R I  L o g b o o k s  C16684 ,  C 
C16876,  C 1 6 8 8 9 ,  C 1 6 9 3 8 ,  C 1 7 0 9 2 ,  C17094, C 1 7 0 9 6 ,  (217260, (217271, 
C 1 7 2 7 2 ,  C 1 7 4 9 7 ,  C17091,  C 1 7 0 9 7 ,  C17266,  and C17587. 
R e s p e c t f u l l y  s u b m i t t e d ,  
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